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Abstract

In this research article, we present a novel frame work for handling bipolar neutrosophic information
by combining the theory of bipolar neutrosophic sets with graphs. We introduce some operations on
bipolar neutrosophic graphs. We describe the dominating and independent sets of bipolar neutrosophic
graphs. We discuss an outranking approach for risk analysis and construction of minimum number of

radio channels using bipolar neutrosophic sets and bipolar neutrosophic graphs.
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1 Introduction

A fuzzy set [29] is an important mathematical structure to represent a collection of objects whose boundary
is vague. Fuzzy models are becoming useful because of their aim in reducing the differences between the
traditional numerical models used in engineering and sciences and the symbolic models used in expert
systems.

In 1994, Zhang [31] introduced the notion of bipolar fuzzy sets and relations. Bipolar fuzzy sets are extension
of fuzzy sets whose membership degree ranges [—1, 1]. The membership degree (0, 1] indicates that the object
satisfies a certain property whereas the membership degree [—1,0) indicates that the element satisfies the
implicit counter property. Positive information represent what is considered to be possible and negative
information represent what is granted to be impossible. Actually, a variety of decision making problems are
based on two-sided bipolar judgements on a positive side and a negative side. Nowadays bipolr fuzzy sets
are playing a substantial role in chemistry, economics, computer science, engineering, medicine and decision
making problems. Samarandache [22] introduced the idea of neutrosophic probability, sets and logic. Some
properties and applications of neutrosophic sets were further studied by Jaun-Jaun Peng et al. [19] in 2014.

The other terminologies and applications of neutrosophic sets can be seen in [23, 27, 28, 9, 8, 12, 24]. In a



neutrosophic set, the membership value is associated with truth, false and indeterminacy degrees but there
is no restriction on their sum. Deli et al. [11] extended the ideas of bipolar fuzzy sets and neutrosophic sets
to bipolar neutrosophic sets and studied its operations and applications in decision making problems.
Graph theory has numerous applications in science and engineering. However, in some cases, some aspects
of graph theoretic concepts may be uncertain. In such cases, it is important to deal with uncertainty using
the methods of fuzzy sets and logics. Based on Zadeh’s fuzzy relations [30] Kaufmann [13] defined a fuzzy
graph. The fuzzy relations between fuzzy sets were also considered by Rosenfeld [20] and he developed the
structure of fuzzy graphs, obtaining analogs of several graph theoretical concepts. Later on, Bhattacharya
[5] gave some remarks on fuzzy graphs, and some operations on fuzzy graphs were introduced by Mordeson
and Peng [17]. The complement of a fuzzy graph was defined by Mordeson [16]. Bhutani and Rosenfeld
introduced the concept of M-strong fuzzy graphs in [6] and studied some of their properties. The concept of
strong arcs in fuzzy graphs was discussed in [7]. The theory of fuzzy graphs has extended widely by many
researchers as it can be seen in [14, 15, 21]. The idea of domination was first arose in chessboard problem
in 1862. Somasundaram amd Somasundaram [25] introduced domination and independent domination in
fuzzy graphs. Nagoor Gani and Chandrasekaran [18] studied the notion of fuzzy domination and independent
domination using strong arcs. Akram [1, 2] introduced bipolar fuzzy graphs and discuss its various properties
which were further studied by Yang [26] in 2013. Akram et al. [3] studied regular bipolar fuzzy graphs. The
theory of bipolar fuzzy graphs is extended to m—polar fuzzy graphs by Chen et al. [10] in 2014.

In this article, we propose the idea of bipolar neutrosophic graphs. We discuss some fundamental operations
in bipolar neutrosphic graphs, regular and irregular bipolar neutrosophic graphs, domination number and
independent number. We calculate the domination and independent numbers of bipolar neutrosphic union,
intersection, join and products. At the end, some applications in bipolar neutrosphic graphs are given that
support the ideas discussed in this article.

2 Preliminaries

Let X be a non-empty set. Let X2 denotes the collection of all 2—elements subsets of X. A pair G* = (V, E),
where E C X2 is called a graph. The cardinality of any subset D C X is the number of vertices in D, it is
denoted by |D|.

Definition 2.1. [29, 30] A fuzzy subset v on a non-empty set X is a mapping v : X — [0,1]. A fuzzy binary
relation on X is a fuzzy subset A on X x X. Fuzzy relation is a fuzzy binary relation given by the mapping
A: X x X = [0,1].

Definition 2.2. [13] A fuzzy graph of a graph G* = (X, E) is a pair G = (u, A), where p and A are fuzzy
sets on X and X2 respectively, such that A(zy) < min{su(z), u(y)} for all zy € E. Note that A(zy) = 0 for
all z,y € X2—E.

Definition 2.3. [31] A bipolar fuzzy set on a non-empty set X is an object of the form C' = {(z, u?(x), p"(x)) :
x € X} where, p? : X — [0,1] and p" : X — [—1,0] are mappings.

The positive membership degree u?(x) denotes the truth or satisfaction degree of an element x to a certain
property corresponding to bipolar fuzzy set C' and p™(x) represents the satisfaction degree of element x to
some counter property of bipolar fuzzy set C. If u™(z) # 0 and p?(z) = 0, it is the situation that z is not



satisfying the property of C but satisfying the counter property to C. If p?(z) # 0 and p"(x) = 0, it is the
case when z has only positive satisfaction for C. It is possible for x to be such that pP(z) # 0 and pu™(x) # 0
when z satisfies the property of C' as well as its counter property in some part of X.

Definition 2.4. [1] Let X be a nonempty set. A mapping D = (p?, ") : X x X — [0,1] x [—1,0] is called

):
1,0], for z,y € X.

a bipolar fuzzy relation on X such that u?(zy) € [0,1] and p"(xy) € [—

Definition 2.5. [1] A bipolar fuzzy graph on a crisp graph G* = (X, E) is a pair G = (C, D) where
A = (p?,, p) is a bipolar fuzzy set on X and D = (u},, u) is a bipolar fuzzy relation in E such that

pp(zy) < pe (@) A pe(y) and pp(zy) > pe(2) V pé(y) for all zy € E.

Definition 2.6. [23] A neutrosophic set C' on a non-empty set X is characterized by a truth membership
function t¢ : X — [0,1], indeterminacy membership function I : X — [0,1] and a falsity membership
function fo : X — [0,1]. There is no restriction on the sum of t¢(z), Ic(z) and fo(z) for all z € X.

Definition 2.7. [11] A bipolar neutrosophic set on a empty set X is an object of the form

C= {(x7tg(x)7lg(x)vfg(‘r)vtg‘(x)vlg‘(‘r)a fg(l')) RS X}

where, t¢, I%, f& X — [0,1] and 3, I%, f& + X — [-1,0]. The positive values ¢7,(x), IZ.(z), f&(x) de-
note respectively the truth, indeterminacy and false membership degrees of an element z € X whereas
tei(z), I (), f&(z) denote the implicit counter property of the truth, indeterminacy and false membership
degrees of the element z € X corresponding to the bipolar neutrosophic set C.

3 Bipolar neutrosophic graphs

Definition 3.1. A bipolar neutrosophic relation on a non-empty set X is a bipolar neutrosophic subset of
X x X of the form D = {(zy, th,(xy), I (xy), 1 (zy), th(xy), I} (zy), fi(zy)) s vy € E C X x X} where,
I, [, th, I, [ are defined by the the mappings t7,, IT), f7: X x X — [0,1] and t', I}, f75 : X x X —
[-1,0].

Definition 3.2. A bipolar neutrosophic graph on a crisp graph G* = (X, E) is a pair G = (C, D), where C
is a bipolar neutrosophic set on X and D is a bipolar neutrosophic relation on X such that
(@) Ate(y),  Ip(xy) < Ig@)VIE(y),  fplay) < felx) Vv fE(y),

16(@) NIE(),  fo(ay) = té(x) Ate(y) for all zy € E.
Note that D(zy) = (0,0,0,0,0,0) for all zy € X x X \ E.

Example 3.1. Consider a graph G* = (X, E) such that X = {x,y, 2}, E = {ay,yz, 22}. Let C be a bipolar
neutrosophic set on X given in Table.1 and D be a bipolar neutrosophic relation of £ C X x X given in
Table.2. Routine calculations show that G = (C, D) is a bipolar neutrosophic graph of G* = (X, E). The
bipolar neutrosophic graph G is shown in Fig. 1.



Table 1 | x y z Table 2 | xy  yz X7
7 03 05 04 th 0.3 03 03
7 04 04 03 17 04 04 04
1& 0.5 02 0.2 15 0.5 02 05
te -0.6 -0.1 -0.5 th -0.1 -0.1 -0.5
1% -0.5 -0.8 -0.5 I3 -0.8 -0.8 -0.5
fé -0.2 -0.2 -0.5 b -0.2 -0.5 -0.5
/Q?)
A >
\\53@1@‘& 0.4,0.5,-0.1,-0.8,-0.2) 7
.‘xjA
o
|
T
<

2(0.4,0.3,0.2,—0.5, —0.5, —0.5)

Figure 1: Bipolar neutrosophic graph G

Definition 3.3. The union of two bipolar neutrosophic graphs G; = (C1, D1) and Gy = (Ca, Ds) is a pair

G1 UGy = (C1 UCq, Dy U Ds) where, C; U Csy is a bipolar neutrosophic set on X7 U X5 and Dy U D5 is a

bipolar neutrosophic set on Fy U E5 such that

te, (@), xe Xy, v ¢ X
t;glUC2 (:E) = tzéz (‘T)u T ¢ Xl, S X2
to, () Vg, (y), =€ X1NXy

fe, (@), re Xy, v ¢ Xo
fg'1UC2(‘T) = f(,p‘Q(x)a x ¢ Xy, € Xy

S (@) AfE(y), zeXinX,

Igl(x), r € X, I¢X2
It oo, (@) = ¢ 13, (2), r¢ X1, x€ X

I () VIE (y), »€XinNXy

and membership values of edges are

t%l UD» (xy) = t%2 (‘Ty)7

I%l UD» (Iy) = I%Q (fl;y),

IgHUCz(x) = Igz (,T),

81 uCs (‘T) =

feue, (@) = fé,

xy € Ev, xy ¢ Es
xy¢El7 :EyEE2
xzy € E1 N Es

xy € Eq, xy ¢ Fs
ny¢E1, :EyEE2
xy € E1 N Es

$€X1,JJ¢X2
LL‘¢X1,JJ€X2
r e X1NXy

$€X1,$¢X2
LL‘¢X1,£L‘€X2
r e X1NXy

$€X17x¢X2
LL‘¢X1,JJ€X2
z € X1NXs



fp, (xy), xy € B, xy ¢ Es

Ioiup,(@y) = ¢ fD,(xy), zy ¢ By, xy € By
fp,(xy) A fp, (xy), xy € By N E;

th, (zy), zy € Er, xy ¢ Es

Db, (@y) = ¢ th, (zy), vy & E1, 2y € By
th, (xy) Ath, (vy), xy € E1N Ey

IE (wy), xy € By, xy ¢ Es

Ip,up,(y) = § Ip,(zy), xy ¢ E1, vy € By
Ip (xy) V Ip, (vy), xy € E1NEy

I, (xy), zy € B, zy ¢ E»

Ibyup,(Ty) =9 fB,(2y), vy ¢ E1, vy € By
I, (@y) vV B, (vy), xy € E1NEy

2(0.5,0.2,0.3, 0.3, -0.2, —0.5) ¥(0.6,0.1,0.2, —0,2, 0.3, —0.5)

"~ (05,02,0.3,-0,2, 0.3, -05)

G2
(0.7,0.1,0.1,-0,2, —0.1, —0.7) w(0.5,0.2,0.0, =0, 3,—0.2, —0.4)

(05,0.2,0.1,-0,2, —0.2,—0.7)

G1UG2
2(0.5,0.2,0.3,-0.3,—0.2, —0.5)y(0.7,0.1,0.1, -0, 2, —0.1, —0.5)w(0.5, 0.2, 0.0, —0, 3, —0.2, —0.4)

P Py
[ 4 A N

(0.5,0.2,0.3,—0,2, —0.3, —0.5) (0.5,0.2, 0.1, =0, 2, —0.2, —0.7)

Figure 2: Union of two bipolar neutrosophic graphs

Example 3.2. The union of two bipolar neutrosophic graphs G; and G5 is shown in Fig.2.

Proposition 3.1. Let G and G2 be any two bipolar neutrosophic graphs then G1 U Gy is a bipolar neutro-
sophic graph.

Definition 3.4. The intersection of two bipolar neutrosophic graphs G; = (Cy, D7) and Go = (Ca, Ds) is a
pair G1 N G2 = (Cy N Cq, D1 N Dy) where, C1 N Cy is a bipolar neutrosophic set on X; N X3 and D1 N Dy is
a bipolar neutrosophic set on £y N E5. The membership degrees are defined as

teine, (@) =t (@) AL, () 18ne, (@) =18,@)VIE,W) [ e, (@) =1C, (@) V [E, 1)
teyne, (@) =t (@) VIS, () Igne, (@) =16,@) NG (Y)  [éne, () = f&,(x) A fe,(y)
for all e X1 NXs.

th b, (@y) =th (vy) Nty (zy) 1D Ap,(xy) = Ip (wy) vV ID (xy) D, Ap,(y) =fp (xy) V [, (zy)
thinp, (@y) =th, (xy) Vi1, (vy) 1D, Ap,(xy) = Ip (2y) AN, (2y)  fDap, (TY) =1, (2Y) A fD, (2Y),
for all xy € E1 N Es.



Example 3.3. The intersection of two bipolar neutrosophic graphs G; and G2 shown in Fig.2 is the vertex
y with membership value (0.6,0.1,0.2,—0.2, —0.3, —0.7).

Proposition 3.2. The intersection of any two bipolar neutrosophic graphs is also a bipolar netrosophic
graph.

Definition 3.5. Let C; and C5 be two bipolar neutrosophic subsets of the set of vertices X7 and X5 and D1,
D5 be the bipolar neutrosophic relations on X; and Xs, respectively. The join of the bipolar neutrosophic
graphs G7 = (C1, D) and Go = (Cy, D) is defined by the pair G; + G2 = (C1 + Ca, D1 4+ D3) such that,
Ci+Cy=CiU(Cs for all z € X; U X5 and

1. D1+ Dy =D1U Dy forallxyeElﬁEz,

2. Let E be the set of all edges joining the vertices of G; and G2 then for all zy € E', where z € X; and
y € X,

D+, (wy) = t¢, (@) Vg, (), Ip i p,(@y) =18, (x) NIE, (), fb,1p,(y) = fE,(x) A fE, (),
th, 1o, (xy) =18, (2) A&, (W), 1D, 4p,(wy) = 16, () VIE,(Y), [, 4p,(2y) = &, (2) V 15, (y)-
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Figure 3: Join of G1 and Ga.
Example 3.4. The join of two bipolar neutrosophic graphs G; and G5 is shown in Fig.3.

Proposition 3.3. Let G1 and G2 be two bipolar neutrosophic graphs then G1 + Gs is also a bipolar neutro-
sophic graph.

Definition 3.6. Let Cy, C5, Dy and Dy be the bipolar neutrosophic subsets of X7, X5, F; and Es,
respectively. We denote the cartesian product of G; and Gz by the pair G10G2 = (C10C%, D;0D3) and



define as:

teioc, () =t¢, (@) Ath,(z), I pc, (@) =10, (2) VIE, (), fEoc, (@) =12, (x)V fE,(@),

téop, () =18, (2) Vie, (), 1&0c,(x) =1, (@) N2, (2),  [Eoc,(®) = [, (2) A f2,(2).

for all z € X; x Xs.

1. t%luDz(($17$2)($1,y2)) = tlcjn (z1) A t%z (w2y2), t%luDz((fclvx2)($1vy2)) = ’%1 (1) V t%z (z292),
for all 1 € X4, x2y2 € Fo,

2. th op, (@1, 22)(y1,22)) = 1], (z191) A G, (22), ) op, (@1, 22)(y1,22)) = th (z1y1) V 15, (22),
for all x1y1 € F1, 22 € Xo,

3. Ip op, (@1, 22)(x1,y2)) = I¢, (21) V ID, (x292), I op, (@1, 22)(x1,y2)) = I&, (21) A 1D, (292),
for all 1 € X5, x2y2 € Fo,

4. I ap, (1, 22)(y1, 22)) = Ip (x1y1) V I8, (22), I op, (21, 22) (Y1, 22)) = I], (2191) A IE, (2),
for all T1Y1 € Fi,20 € Xo,

5. fhuop,((@1,22)(@1,12)) = f2, (@) V B, (@212), [Byop, (@1, 22)(@1,32)) = f2, (1) A fh, (2292),
for all 1 € X1, z2y2 € Eo,

6. fD,op,((x1,22)(y1,22)) = fD, (x1y1) V fE,(22),  fB0p, (21, 22)(y1, 22)) = fp, (w1y1) A fE, (22),
for all T1Y1 € Fi,20 € Xo.

Gy

21(0.5,0.2,0.3,-0.3,-0.2,-0.5)  %1(0.6,0.1,0.2,-0,2, 0.3, -0.5)

(0.5,0.2,0.3,—0,2,—-0.3,—0.5)

(21,)(0.5,0.2,0.3,—0,2, 0.2, —0.7) (41,22)(0.6,0.1,0.2,-0,2,-0.3,-0.7)

(0.5,0.2,0.3,—0,2, —0.3,—0.7)

(0.5,0.2,0.2, —0,2, 0.3, —0.7)
(L'0—‘20—‘C0—‘T0'C0°G0)

(0.5,0.2,0.3,—0,2, —0.2, —0.7)

(0.5,0.2,0.3,—0,2, —0.3, —0.5)

(21,92)(0.5,0.2,0.3,-0,3,-0.2, —0.5) (y1,92)(0.5,0.2,0.2, 0,2, —0.3, —0.5)

610G,

#0—20—‘€0—‘00T0°'¢0)% (L0~ T0—‘C0—‘T0°T0°L0)%

Figure 4: Cartesian product G10G2

Example 3.5. The Cartesian product of two bipolar neutrosophic graphs G; and G5 is shown in Fig.4.

Proposition 3.4. Let G1 and G5 be two bipolar neutrosophic graphs then G10G3 is also a bipolar neutro-
sophic graph.



Definition 3.7. Let C7, C5, D; and D5 be the bipolar neutrosophic subsets of X, X5, E; and Ej,
respectively. We denote the direct product of G; = (C1,D1) and Ga = (Ca, Dy) by the pair G; x Gy =
(C1 x C3, D1 x D) and define the membership degrees as

tzél x Ca (‘T) = tzél (CL‘) A t%g (‘T)v Igl x Cy (CL‘) = g‘l (‘T) \ Igz (CL‘), fgl x Ca (‘T) = fgl (:C) v fgz (CL‘),
Cuxey (@) =18, (@) Vi, (2), 18 xo,(x) =16, (x) N5, (x),  [6,xe,(®) = [, () A fE,(2),

for all z € X; x Xs.

1_ t%lxDz ((Ila I2)(y1, ’y2)) = t%l (Ilyl) A t%2 (.IQyQ), t%lXDQ((xl, xQ)(yl; y2)) = t%l (Ilyl) V t%g (I2y2)5
for all x1y, € By, xays € Es,

2. I} wp, (@1, 22)(y1,92)) = Ip, (z1y1) V ID, (z2y2), 1B, «p, (21, 22)(y1,92)) = I} (2191) A 1D, (22y2),
for all x1y1 € Eq,x2y2 € Fo,

3. Dy xp, (1, 22)(y1,42)) = fp, (1y1) V D, (2292),  [B,wp,(x1,22)(y1,92)) = £, (x1y1) A [, (T2y2),
for all T1Y1 € El,CCQyQ € Fs.

Gy

21(0.5,0.2,0.3,-0.3,-0.2,—-0.5)  %1(0.6,0.1,0.2, 0,2, 0.3, —0.5)

(0.5,0.2,0.3, —0,2, —0.3, —0.5)

(21,2)(0.5,0.2,0.3, —0,2, 0.2, —0.7) (41,22)(0.6,0.1,0.2,-0,2,-0.3,-0.7)

G

(L'0—‘20—‘C'0—‘T0‘C0‘¢0)

(z1,12)(0.5,0.2,0.3, 0,3, -0.2, —0.5) (y1,92)(0.5,0.2,0.2, 0,2, 0.3, —0.5)

G10G,

(VU‘ T0—‘e0— ‘O.O;Z.Ozg.o)aﬁ ([U‘ T0—g0— T0T°0 ‘L'O)Zl‘

Figure 5: Direct product G1 X G2

Example 3.6. The direct product of two bipolar neutrosophic G; and G5 graphs is shown in Figure. 5

Proposition 3.5. Let G1 and G2 be two bipolar neutrosophic graphs then G1 x G2 is also a bipolar neutro-
sophic graph.

Definition 3.8. Let Cy, C5, Dy and Dy be the bipolar neutrosophic subsets of X7, X5, F; and Es,
respectively. We denote the strong product of G; and Ga by the pair Gy K Gy = (C; K Cs, D1 X Ds) and
define as:

teyme, (@) =te, (@) A, (2), 1o me, (@) =12, (2) VIE,(2), [l me, () = f2,(2)V f2,(),

téymp, (¥) =16, (1) Vie,(2),  Igme, (@) =1, (@) ANE,(2),  [éme,(®) = [, (2) A f&, (@),



for all z € X; x Xs.

1. t%ﬂz[b((:z:l, x2)(x1,92)) = t%l (x1) A t%z (72y2), t%l&Dg((m,m)(xl, Y2)) = t%l (z1) V tpDQ (z2y2),
for all 1 € X1, x2y2 € Fo,

2. 1), wp, (w1, 22)(y1, 22)) = th (21y1) A e, (22), U] wp, (1, 22)(y1, 22)) = th (2191) V 8, (22),
for all x1y1 € F1, 22 € Xo,

3. 80 sp, (@1,22) (U1, 92)) = th (11351) Aty (223), 10 p. (@1, 22) (Y1, y2)) = th, (2191) V th, (2212),
for all x1y, € By, x2y2 € Es,

4. 1D wp, (@1, 22) (21, 92)) = I8, (21) V ID, (22y2), I} mp, (@1, 22) (21, 92)) = I8, (¥1) A ID, (T2y2),
for all 1 € X1,22y2 € Eo,

5. I} mp, (@1, 22) (1, 22)) = I} (x1y1) VIE, (22), TP mp, (21, 22)(y1,22)) = I} (z191) A TG, (22),
for all T1Y1 € Fi,20 € Xo,

6. I}, mp, (@1, 22)(y1,92)) = 1D, (w1y1) V 1D, (22y2), 1D mp, (@1, 22)(y1,92)) = Ip, (z1y1) A 1D, (2212),
for all x11, € By, xay2 € Es,

7. f§)1®D2((x17x2)(x17y2)) = fgl (‘rl) \ f%2 (J/'gyg), ff’)l'XlD2(((E1,fE2)(x17y2)) = fgl (l’l) A fg2 (:E2y2),
for all 1 € X1, 29y2 € Eo,

8. fh,mp, (@1, 22)(y1,22)) = fD (x1y1) V &, (%2),  [B mp, (x1,22)(y1,22)) = [ (z191) A &, (22),
for all T1Y1 € Fi,20 € Xo,

9. fD.mp, (@1, 22)(y1,92)) = fp, (T1y1) V [, (w2y2), [ mp, (21, 22)(y1,92)) = fp, (x191) A D, (T2y2),
for all T1Y1 € El,CCQyQ € Fs.

G

21(0.5,0.2,0.3, -0.3, —0.2, —0.5) 41(0.6,0.1,0.2, 0,2, —0.3, —0.5)

(0.5,0.2,0.3, —0,2, —0.3, —0.5)

(21,22)(0.5,0.2,0.3, —0,2,-0.2,-0.7)  (y1,72)(0.6,0.1,0.2, 0,2, —0.3, —0.7)

(0.5,0.2,0.3,—0,2, 0.3, —0.7)

(0.5,0.2,0.3, -0, 2,—0.2, —0.7)
(0.5,0.2,0.2, 0,2, 0.3, —0.7)
(L'0—‘2°0—2'0—"‘1'0'2'0°¢0)

(0.5,0.2,0.3,—0,2, 0.3, —0.5)

(1,92)(0.5,0.2,0.3,—0,3,-0.2,-0.5)  (y1,%2)(0.5,0.2,0.2,—0,2,-0.3, =0.5)

G XG,

(70— 20— ‘€ 0—"00°20°'G0)% (L0~ ‘T0—‘C'0—‘T0°T0°L0)%x

(1,2) (41, 42)(0.5,0.2,0.3, 0.2, 0.3, ~0.7)

(y1,22)(21,72)(0.5,0.2,0.3, —0.2, —0.3, —0.7)

Figure 6: Strong product of G; and G2



Example 3.7. The strong product of two bipolar neutrosophic G; and graphs G5 is shown in Fig.6
Proposition 3.6. The strong product of any two bipolar neutrosophic graphs is a bipolar neutrosophic graph.

Definition 3.9. The complement of a bipolar neutrosophic graph G = (C, D) is defined as a pair G¢ =
(C*, D) such that, for all z € X and zy € E,

tee(x) =tg(x), Ige(x) =18(x), [fle(x) = fE(2), tde(x) =tg(x), Ig(x) =I1g(z), [fl(x)= fE(x).

2(0.5,0.2,0.3, -0,2, 0.2, —0.7)(0.6,0.1,0.2, =0,2, —0.3, =0.7)  #(0.5,0.2,0.3, =0,2, 0.2, —0.7)(0.6,0.1,0.2, 0,2, —0.3, —0.7)

(0.5,0.2,0.3,-0,2, —0.3, —0.7)

(0.4,0.1,0.2,—0,2,-0.2, —0.7)
(0.5,0.2,0.2,—0,2, —0.3, —0.7)
(0.1,0.1,0.1,0.0,0.0,0.0)

(0.5,0.2,0.3,-0,2, —0.3, —0.5)

2(05,0.2,0.3,-0,3,-0.2, =0.5) w(0.5,0.2,0.2, =0,2,=0.3, =0.5) (05 0.2,0.3, 0,3, —0.2, —0.5) w(0.5,0.2,0.2, 0,2, —0.3, —0.5)

Figure 7: Complement of G
Example 3.8. An example of complement of a bipolar neutrosophic G is shown in Fig.7
Remark 3.1. A bipolar neutrosophic graph G is said to be self complementary if G = G°.
Definition 3.10. A bipolar neutrosophic graph G = (C, D) is known as strong bipolar neutrosophic graph
if
tpe(ey) = to (@) Ao (y),  Ipe(ey)  =I6(@) VIE(),  fpe(ey) = fe(e) V fe(y),
belay) = (@) VEE(Y), Iho(ay) =I8@) AIBY),  fhe(ay) = @) A fA(y), forall aye E.

Theorem 3.1. Let G1 and Gy be strong bipolar neutrosophic graphs then G1 + G2, G10G2, G1 X G2 and
G1 X Gy are strong bipolar neutrosophic graphs.

Theorem 3.2. If G10G3, G1 X G2 and G1 X G4 are strong bipolar neutrosophic graphs then G1 and G are
also strong.

Definition 3.11. A bipolar neutrosophic graph G = (C, D) is known as complete bipolar neutrosophic
graph if

the(zy) = to(@) Ao (y),  Ipe(wy) = 1o(@) VIE(y), [fpe(ey) = fo(x) V fE(y),
the(zy) = t& (@) VIE(y), Ipe(zy) =I18(@) N1E(y),  [pe(ry) = fé(x) A fely), forall z,y e X.
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Theorem 3.3. Let G be a self complementary bipolar neutrosophic graph then

3t (xy) th YAE(y), Y Ih(ey) = ZIP YWVIE(Y), Y fhlxy) = ch )V ey

T#y w#u T#y wiy TFy wiy
ZtD zy) Ztn ) Aty ZID zy) ZIC )V IE(y ZfD zy) ch )V fely
T#Y m;ﬁy T#Y z;ﬁy TH#Y z;ﬁy

Theorem 3.4. Let G = (C, D) be a bipolar neutrosophic graph such that for all x,y € X,

(to (@) Ate (), Ipe(y) (&) VIE®W),  [pe(zy) = %(f?;(x)vfg(y)),

(te(z) vVie(y),  Ipe(zy)

the(zy) =

the(zy) =

N~ N~
wl»—twl»—t

(L&(@) N1E(W))s  [pe(ey) = %(fg(x)Afg(y))-

Then G is self complementary bipolar neutrosophic graph.

Proof. Let G¢ = (C°, D) be the complement of bipolar neutrosophic graph G = (C, D), then by definition.
3.9,

the(zy) = t&(x) VL (y) — th(zy)

the(zy) = tg(x) Nt (y) — th(zy) the(zy) = t&(x) VL (y) — %(t?; () Vt&(y))
p __4p p 1 p p

the(2y) = tlc(iU) Nely) = 5(te(@) Ately) 1. (zy) = %(tg(x) V2 (y))

the(zy) = E(t%(a:) Ate(y)) the(zy) = th(zy)

the (xy) = 1, (zy)

Similarly, it can be proved that I, (zy) = IY (zy), I} (zy) = I} (zy), fHe(zy) = fH(xy) and fR.(zy) =

f2(zy). Hence, G is self complementary. O

Definition 3.12. The degree of a vertex x in a bipolar neutrosophic graph is denoted by deg(z) and defined
by the 6—tuple as,
deg(z) = (degf (z), deg¥(z), deg?(:v), degi'(x), degr(x), deg}(x)),

= (Y thy), Y ay), Y fhly), Y thy), Y Inlay), Y fhlay)

zyel zyelE zyelE zyel zyelE zyel
The term degree is also referred as neighborhood degree.

Definition 3.13. The closed neighborhood degree of a vertex x in a bipolar neutrosophic graph is denoted
by deg[z] and defined as,
deglz] = (degt[z], degf(z], degflz], deg'[z], degy[z], deg}[x],
= (degi () + t¢ (), degy(x) + IE(x), degh(x) + fE(x), degi(x) + t&(x), degy(x) + t&(x),
deg} () + f¢.(x)).
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Definition 3.14. A bipolar neutrosophic graph G is known as a regular bipolar neutrosophic graph if all

vertices of G have same degree.

Definition 3.15. A bipolar neutrosophic graph G is known as a totally reqular bipolar neutrosophic graph

if all vertices of G have same closed neighborhood degree.
Theorem 3.5. A complete bipolar neutrosophic graph is totally regular.

Theorem 3.6. Let G = (C, D) be a bipolar neutrosohic graph then C = (t°,IP, fP t" I™ f™) is a constant
function if and only if the following statements are equivalent:

(1) G is a regular bipolar neutrosophic graph,

(2) G is totally regular bipolar neutrosophic graph.

Proof. Assume that C is a constant function and for all x € X

10 (x) = ke, Ih(x) = kr, fE(2) = Ky, t8(x) = ky, I3(2) = by, fE(2) =k

where, k¢, kg, ky, k;, k/I, k} are constants.

(1) = (2) Suppose that G is a regular bipolar neutrosophic graph and deg(z) = (p:, pr, py, M, nr, ny) for
all z € X.

Now consider,

degla] = (degf(x) + (@), deg}(a) + I4(a), deg] (@) + fE(x), degl () + t2(x), deg}(z) + t3(w), deg}(z) +
f2(x) = (pr + ke, pr + kr,py + kpone + kyong + kyong + k) forallz € X.

Hence G is totally regular bipolar neutrosophic graph.

(2) = (1) Suppose that G is totally regular bipolar neutrosophic graph and for all z € X deg[z] =

(pes P Pgy Ny, N, nf)-

(deg? (x) + ki, degh (x) + kr, degh (x) + ky, degf (x) + k, degf () + kr, deg]} (z) + k) = (b, p1s Pyy Ms M, 1),
degi)(‘r)v degzlj(x)v deg’}(x), deg?(x), deg?(x)v deg?(x)) + (k. kr, ky, ktliv k/Iv k;‘) = (p;v pllu p/fv n;v n/Iv n/j)
(degf (x), deg](v), deg] (), degy (x), deg] (x), deg} (x)) = (0, — ke, 1 = ht, Dy = Ky, m = ke, np =k, nyp — ki),

for all z € X. Thus G is a regular bipolar neutrosophic graph.

Conversely, assume that the conditions are equivalent. Let deg(z) = (¢, ¢r, ¢y, di, dp, dy) and deglz] =
(c;, CII, clf, d;, d,], dlf)

Since by definition of closed neighborhood degree for all z € X,

degfa] = deg(z) + (t2(2), I2(x). f(x). 12:(2)., T2 (), f (),

S (@), IB (@), J2(). 6 (@), I (@), f2(2)) = degla] — deg(a),

= ({8 (a), I2(0), SE@), 8 ). T @), @) = (€ = ey = 1.y = g, = dovdy = did = dy),

for all z € X. Hence C = (c ct,cI cl,cf cf,d dt,d dl,df —dy), a constant function which
completes the proof. O

Definition 3.16. A bipolar neutrosophic graph G is said to be irregular if at least two vertices have distinct
degrees. If all vertices do not have same closed neighborhood degrees then G is known as totally irreqular

bipolar neutrosophic graph.
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Theorem 3.7. Let G = (C, D) be a bipolar neutrosophic graph and C = (t%,, I%,, f&, t%, 1%, f&) be a constant
function then G is an irregular bipolar neutrophic graph if and only if G is a totally irreqular bipolar neutrophic

graph.

Proof. Assume that G is an irregular bipolar neutrosophic graph then at least two vertices of G have distinct
degrees. Let 2 and y be two vertices such that deg(z) = (r1, 79,73, 51, S2, 53) and deg(y) = (], 79, 73, 51, S, 53)
where, 1; # r; , for some ¢ = 1,2, 3.

Since, C is a constant function let C' = (kq, ks, ks, 11, l2,13). Therefore,

deg[:v] Zdeg(ac) + (kla k?u k37 llu l27 l3)
deglz] = (r1 + k1,72 + ko, r3 + k3, s1 + 11,52 + l2, 53 + I3)
and deg[y] = () + k1, + K, g + k3, 51 + 11, 85 + lo, 55+ I3).
Clearly r; + k; # r; + k; , for some ¢ = 1,2, 3 therefore = and y have distinct closed neighborhood degrees.

Hence G is a totally irregular bipolar neutrosophic graph.
The converse part is similar. O

4 Domination in bipolar neutrosophic graph

Definition 4.1. Let G = (C, D) be a bipolar neutrosophic graph and z,y are two vertices in G then we say
that x dominates y if

(x) Nt (v), Ip(zy) = Ig(2) vV Ig(y), fh(@y) = fe(x) v fE(y),
1&(2) NIE(Y), fb(xy) = fe(x) A fE(y).
A subset D' C X is called a dominating set if for each y € X'\ D' there exists z € D' such that 2 dominates

y. A dominating set D’ is said to be minimal if for any z € D', D"\ {} is not a dominating set. The

minimum cardinality among all minimal dominating sets is called a domination number of GG, denoted by

AG).

2(0.5,0.2,0.3,-0,2,—0.2,-0.7)  ¥(0.6,0.1,0.2,—0,2,-0.3,-0.7)

(0

. (0.5,0.1,0.3,—0,2, 0.3, —0.7) ~ "0, o
I~ © 0.y 3
7 T 05 A
al i e, 3
7 7 ) T
o~ o =
S S ]
I I -
g 2 oD =
o o 0 ]

. . - o
S S /Q:L’ =
2 = QL S
S ) S o =

(0.4,0.2,0.2, 0,2, —0.3, —0.4) @,‘a«

2(0.5,0.2,0.3,—0,3, —0.2, —0.5)  w(0.5,0.2,0.2,-0,2,-0.3, —0.5)

Figure 8: Bipolar neutrosophic graph G.
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Example 4.1. Consider a bipolar neutrosophic graph as shown in Fig.8. The set {z,w} is a minimal
dominating set and A(G) = 2

Theorem 4.1. Let G1 and Gs be two bipolar neutrosophic graphs with D/1 and D/2 as dominating sets then
MG1UGs) = MG1) + A(Ga) — |Dy N Dy|.

Proof. Since D and D, are dominating sets of G; and Ga, DyUD, is a dominating set of Gy UG5. Therefore,
MG1UGy) < |DyUD,|. Tt only remains to show that D} U Dy is the minimum dominating set. On contrary,
assume that D' = D} U Dy \ {2} is a minimum dominating set of G; U Gy. There are two cases,

Case 1. If z € D} and z ¢ D,, then D} \ {z} is not a dominating set of G; which implies that D;UD,\{z} =

D' is not a dominating set of G1 U Gy. A contradiction, hence D} U D, is a minimum dominating set and

AMG1UGy) = | Dy U Dy,
= AMG1UGs) = MGy) 4 MGa) — | D, N Dy).

Case 2. If z € D/2 and = ¢ D/17 same contradiction can be obtained. O

Theorem 4.2. Let G1 and Gy be two bipolar neutrosophic graphs with X1 N Xo # 0 then,

/\(Gl + GQ) = min{)\(Gl), )\(Gl), 2}

Proof. Let x1 € X1 and x5 € X3, sine of G; + G2 is a bipolar neutrosophic graph, we have

thy 10, (T172) = 10 4 0, (T1) A G, 4 0, (22), thi+ D, (T172) =t 40, (T1) VG, 10, (72)
ID i, (@122) = I8 Lo, (21) V TG | 0, (22), I, 4, (T172) =I1¢,10,(x1) NG 4o, (22)
Iy, (@132) = [, 0y (21) V [E, 1y (22), IDy 1, (T122) = [ 10, (@) A G40y (22).

Hence any vertex of G; dominates all vertices of G and similarly any vertex of Go dominates all vertices of
G1. So, {z1,x2} is a dominating set of G; + G3. Let D be a minimum dominating set of G1 + Ga, then D

is one of the following forms:

1. D= Dl Where, )\(Gl) = |D1|,
2. D= D2 Where, )\(GQ) = |D2|,

3. D = {x1,22} where, 1 € V; and 22 € Vi. {21} and {a2} are not dominating sets of G; or Ga,

respectively.

Hence,

/\(Gl + GQ) = HliIl{)\(Gl), )\(Gl), 2}
O

Theorem 4.3. Let Gy = (C1,D1) and Go = (Ca2, D) be two bipolar neutrosophic graphs. If for x1 € V7,
C1(z1) > 0 where, 0= (0,0,0,0,0,0), and x5 dominates yo in Go then (x1,y1) dominates (x1,y2) in G10OGs.
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Proof. Since xo dominates y2 therefore,

th, (w2y2) = g, (xa) Nte, (y2),  ID,(waya) =18, (x2) VIE, (y2),  fD,(xaye) = f&,(x2) V fE, (y2),
Dy (T2y2) = t&, (22) V 18, (y2), I, (z2y2) =18, (22) NG, (y2),  [D,(w2y2) = f&,(x2) A £, (y2).

For z1 € X3, take (z1,y2) € X1 x X5. By definition 3.6,

th op, (X1, 22) (21, y2)) = t¢, (x1) AD, (22y2),
= tg, (w1) AtE, (x2) A LG, (y2) ],
= {t¢, (x1) N tg, (22)} AL, (1) A G, (y2)},

= tclmc2 (1, 22) A fcluc2 (z1,y2).

thiop, ((T1,2)(21,92)) = &, (v1) V th, (T292),
= t¢, (v1) V {té, (22) V&, (y2)}
= {tg, (x1) V¢, (22)} V{1, (21) VIg, (y2)},

= t7cl‘1DC2 (Il’ I2) \ t81D02 (Ila y2)

Similarly, it can be proved that

I op, (@1, 22) (21, 42)) = 18, 00, (21, 22) V IE o6, (%1, 92),
I, 0p, (@1, 22) (21, 92)) = I8 00, (01, 72) A S oe, (21, Y2),
Ipiap, (@1, 22)(21,92)) = fE,00,(@1,22) V [ 00, (T1,92),
[Byop, (21, 22) (21, 92)) = f&,00, (X1, 22) A fé 00, (21, 92).

Hence (z1,x2) dominates (x1,y2) and the proof is complete. O

Proposition 4.1. Let G1 and Ga be two bipolar neutrosophic graphs. If for yo € Xao, Cao(ya) > 0 where,
0=(0,0,0,0,0,0), and x; dominates y1 in Gy then (x1,y2) dominates (y1,y2) in G10OGs.

Theorem 4.4. Let D) and D, be the minimal dominating sets of G1 = (C1,D1) and Gy = (Cy, Ds),
respectively. Then D/1 X Xo and X7 X D/2 are dominating sets of G10G2 and

ANG10Gs) < |Dy x Xa| A | X1 x D). (4.1)

Proof. To prove inequality 4.1, we need to show that Dll x X9 and X7 X D/2 are dominating sets of G10Gs.
Let (y1,y2) ¢ D,1 x Xy then, y; ¢ Dll. Since D,1 is a dominating set of Gy, there exists x1 € D/1 that dominates
y1. By theorem 4.1, (21, y2) dominates (y1,y2) in G1OG>. Since (y1, y2) was taken to be arbitrary therefore,
D/1 X X5 is a dominating set of G10OG5. Similarly, X; x D/2 is a dominating set if G;0G>. Hence the
proof. O

Theorem 4.5. Let Dy and Dy be the dominating sets of G1 = (C1,D1) and G = (Ca, Ds), respectively.
Then D/1 X D/2 is a dominating set of the direct product G1 x G2 and

MGy x Go) = | Dy x Dy|. (4.2)
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Proof. Let (y1,y2) € X1 x Xo \ D} x Dy then y; € X; \ D} and yo € X5 \ D,. Since, D; and D, are

dominating sets there exist z; € D/1 and xo € D; such that z; dominates y; and x2 dominates yo. Consider,

th xp, (X1, 22) (Y1, y2)) = th (w1y1) A ), (22y2),

= {tg, (x1) A tg, (Y1)} A{tg, (x2) AtE, (y2) 1,

= {tg, (x1) A tg, (w2)} AtE, (y1) Ate, (y2) 1,

=t x e, (T1,22) NG, (Y15 Y2)-
It shows that (x1,x2) dominates (y1,y2). Since (z1,22) was taken to be arbitrary therefore, every element
of X7 x X5\ D,1 X D,2 is dominated by some element of D,1 X D;. It only remains to show that D/1 X D; is
a minimal dominating set. On contrary assume that |[D'| = D} x Dy \ {(21,22)} is a minimal dominating
set of Gy x Gy such that |[D'| < |D} x Dj|. Let (z1,22) € Dy x Dy such that (z1,2) ¢ D ie., z1 € D}
and z; € D, then there exist z, € X; \ D} and z, € X \ D, which are only dominated by z; and 2o,

respectively. Hence no element other than (21, z) dominates (2, zy) so (z1,22) € D'. A contradiction, thus
)\(Gl X GQ) = |D1 X D2| O

Corollary 4.1. Let G1 and G2 be two bipolar neutrosophic graphs. If x1 dominates y1 in G1 and x2
dominates ya in Gy then (x1,y1) dominates (x2,y2) in G1 X Ga.

Definition 4.2. Two vertices z and y in a bipolar neutrosophic graph are said to be independent if

th(wy) < to(x) Ate(y), Ip(zy) < I¢(x) vV IE(y), fpley) < f&(=) vV fE(y),
th(zy) > te(x) Ve (y), 15 (zy) > 15(z) ANE(y), Ip(xy) > fé(2) A fEy)- (4.3)

S

A subset N of X is said to bipolar neutrosophic independent set if for all x,y € N equations 4.3 are satisfied.
A bipolar neutrosophic independent set is said to be mazimal if for every z € X \ N, NU{z} is not a bipolar
neutrosophic independent set. The maximal cardinality among all maximal independent sets is called bipolar
neutrosophic independent number. It is denoted by «(G).

Theorem 4.6. Let G1 and Ga be two bipolar neutrosophic graphs of the graphs Gf = (X1, E1) and G5 =
(Xa, E2) such that X1 N Xy =0 then a(G1 U G2) = a(G1) + a(G2).

Proof. Let N7 and N be maximal bipolar neutrosophic independent sets of G7 and Ga. Since Ny NNy = ()
therefore, N1 U Ny is a maximal independent set of G; U Go. Hence a(G1 U Ga) = a(G1) + a(Gs). O

Theorem 4.7. Let G1 and Ga be two bipolar neutrosophic graphs then o(G1 + G2) = a(G1) V a(G2).

Proof. Let N7 and N3 be maximal bipolar neutrosophic independent sets. Since every vertex of G; dominates
every vertex of GGo in G1 + G Hence, maximal bipolar neutrosophic independent set of G1 + Gs is either Ny
or Na. Thus, a(Gy + G2) = a(G1) V a(G2). O

Theorem 4.8. Let N1 and Ny be the maximal bipolar neutrosophic independent sets of G1 and G, respec-
tively and X1 N Xy = 0. Then a(G10G2) = |N1 x No| + |N| where, N = {(z;,v:) : ; € X1\ N1,y; €
XQ \ NQ, TiTir1 € El, YilYi+1 € EQ, 1= 1, 2, 3, o }
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Proof. N1 and N» are maximal independent sets of G; and Go, respectively. Clearly, N1 x N is an inde-
pendent set of G10G5 since no vertex of N1 X Ny dominates any other vertex of N X Na.

Consider the set of vertices N = {(a;,y;) : ; € X1\ N1,y; € Xa \ Na, 22541 € E1,y;yi+1 € E2}. It can be
seen that no vertex (x;,y;) € N for each i = 1,2,3,--- dominates (z;11,y;+1) € N for each i = 1,2,3,---.
Hence N = (N1 X N2) U N is an independent set of G10Gs.

Assume that S = N U {(z,y;)}, for some i # j, 2; € X, \ Ny and y; € X5 \ Na, is a maximal independent
set. Without loss of generality, assume that j=i+1 then (z;,y;) is dominated by (z;,y;). A contradiction,
hence N is a maximal independent set and o(G10G2) = |[N'| = |Ny x Na| + |N| O

Theorem 4.9. Let Dy and Dy be two minimal dominating sets of G1 and Gs , respectively. Then X7 X
X2\ D1 X Dy is a mazimal independent set of G1 X Go and a(G1 x G3) = ning — A(G1 X G2) where, ny and

ng are the number of vertices in Gy and Gs.

The proof is obvious.

Theorem 4.10. A bipolar neutrosophic independent set of a bipolar neutrosophic graph G = (C, D) is

mazximal if and only if it is independent and dominating.

Proof. Let N be a maximal independent set of G, then for every z € X \ N, N U{z} is not an independent
set. For every vertex x € X \ N, there exists some y € N such that

Thus y dominates x and hence N is both independent and dominating set.
Conversely, assume that D is both independent and dominating set but not maximal independent set, so
there exists a vertex x € X \ N such that N U {z} is an independent set i.e., no vertex in N dominates z, a

contradiction to the fact that N is a dominating set. Hence N is maximal. O

Theorem 4.11. Fvery maximal independent set in a bipolar neutrosophic set is a minimal dominating set.

Proof. Let N be a maximal independent set in a bipolar neutrosophic graph then by theorem 4.10, N is
a dominating set. Suppose N is not a minimal dominating set, there exists at least one y € N for which
N\ {y} is a dominating set. But if N \ {y} dominates X \ {IV \ {y}}, then at least one vertex in N \ {y}
dominates y. A contradiction to the fact that N is a bipolar neutrosophic independent set of G. Hence N

is a minimal dominating set. O

5 Applications

In this section, we present a method for the identification of risk in decision support systems. The method
is explained by an example for prevention of accidental hazards in chemical industry. The application of

domination in bipolar neutrosophic graphs is given for the construction of transmission stations.
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(1) An outranking approach for safety analysis using bipolar neutrosophic sets

The proposed methodology can be implemented in various fields in different ways e.g., multi-criteria de-
cision making problems with bipolar neutrosophic information. However, our main focus is the identification
of risk assessments in industry which is described in the following steps.

The bipolar neutrosophic information consists of a group of risks\alternatives R = {ry,ra, - ,r,} evalu-
ated on the basis of criteria C' = {c1,¢2,- -+ ,¢m}. Here r;, i = 1,2,--+  n is the possibility for the criteria
¢k, k=1,2,---,m and 7 are in the form of bipolar neutrosophic values. This method is suitable if we have
a small set of data and experts are able to evaluate the data in the form of bipolar neutrosophic information.
Take the values of i, as i, = (¢, I8, fh th I, f1).

Step 1. Construct the table of the given data.

Step 2. Determine the average values using the following bipolar neutrosophic average operator,

m m m m

1 m m m
=0t H%JIWHUJPWXF ILwZZ—HZ% (5.1)
j=1 =1 =1 j=1

foreachi=1,2,---,n
Step 3. Construct the weighted average matrix.
Choose the weight vector w = (w1, ws, -+ ,wy,) . According to the weights for each alternative, the weighted

average table can be calculated by multiplying each average value with the corresponding weight as:
ﬁi:Aiwiu i:1727"'7n'

Step 4. Calculate the normalized value for each alternative\risk 8; using the formula,

s = ()2 + (IP)2 + (F)2 4+ (1 — 42 4+ (=14 1) + (—1 4 f1)2, (5.2)

for each i = 1,2,--- ,n. The resulting table indicate the preference ordering of the alternatives\risks. The

alternative\risk with maximum «; value is most dangerous or more preferable.

Example 5.1. Chemical industry is a very important part of human society. These industries contain large
amount of organic and inorganic chemicals and materials. Many chemical products have a high risk of fire
due to flammable materials, large explosions and oxygen deficiency etc. These accidents can cause the death
of employs, damages to building, destruction of machines and transports, economical losses etc. Therefore,
it is very important to prevent these accidental losses by identifying the major risks of fire, explosions and
oxygen deficiency.

A manager of a chemical industry Y wants to prevent such types of accidents that caused the major loss
to company in the past. He collected data from witness reports, investigation teams and near by chemical
industries and found that the major causes could be the chemical reactions, oxidizing materials, formation
of toxic substances, electric hazards, oil spill, hydrocarbon gas leakage and energy systems. The witness
reports, investigation teams and industries have different opinions. There is a bipolarity in people’s thinking
and judgement. The data can be considered as bipolar neutrosophic information. The bipolar neutrosophic

information about company Y old accidents is given in Table 1:
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Table 1: Bipolar neutrosophic Data

Fire

Oxygen Deficiency

Large Explosion

Chemical Exposures
Oxidizing materials
Toxic vapour cloud
Electric Hazard

Oil Spill

Hydrocarbon gas leak-
age

Ammonium Nitrate

(0.5,0.7,0.2,-0.6,-0.3,-0.7)
(0.9,0.7,0.2,-0.8,-0.6,-0.1)
(0.7,0.3,0.1,-0.4,-0.1,-0.3)
(0.3,0.4,0.2,-0.6,-0.3,-0.7)
(0.7,0.5,0.3,-0.4,-0.2,-0.2)
(0.5,0.3,0.2,-0.5,-0.2,-0.2)

(0.3,0.2,0.3,-0.5,-0.6,-0.5)

(0.1,0.5,0.7,-0.5,-0.2,-0.8)
(0.3,0.5,0.2,-0.5,-0.5,-0.2)
(0.6,0.3,0.2,-0.5,-0.3,-0.3)
(0.9,0.4,0.6,-0.1,-0.7,-0.5)
(0.2,0.2,0.2,-0.7,-0.4,-0.4)
(0.3,0.2,0.3,-0.7,-0.4,-0.3)

(0.9,0.2,0.1,0.0,-0.6,-0.5)

(0.6,0.2,0.3,-0.4,0.0,-0.1)

(0.9,0.5,0.5,-0.6,-0.5,-0.2)
(0.5,0.1,0.2,-0.6,-0.2,-0.2)
(0.7,0.6,0.8,-0.7,-0.5,-0.1)
(0.9,0.2,0.7,-0.1,-0.6,-0.8)
(0.8,0.2,0.1,-0.1,-0.9,-0.2)

(0.6,0.2,0.1,-0.2,-0.3,-0.5)

By applying the bipolar neutrosophic average operator 5.1 on Table 1, the average values are given in

Table.2.

Table 2: Bipolar neutrosophic average normalized table

Average Value

Chemical Exposures (0.39,0.023,0.014,-0.04,-0.167,-0.515)
Oxidizing materials (0.619,0.032,0.001,-0.08,-0.483,-0.165)
Toxic vapour cloud (0.53,0.003,0.001,-0.04,-0.198,-0.261)
Electric Hazard (0.570,0.032,0.032,-0.014,-0.465,-0.422)
Oil Spill (0.558,0.007,0.014,-0.009,-0.384,-0.445)
Hydrocarbon gas leakage (0.493,0.004,0.002,-0.011,-0.543,-0.229)
Ammonium Nitrate (0.546,0.003,0.001,0.0,-0.464,-0.417)

With regard to the weight vector (0.35,0.80,0.30,0.275,0.65,0.75,0.50) associated to each cause of acci-
dent, the weighted average values are obtained by multiplying each average value with corresponding weight

and are given in Table 3.

Table 3: Bipolar neutrosophic weighted average table

Average Value

Chemical Exposures (0.1365,0.0081,0.0049,-0.0140,-0.0585,-0.1803)
Oxidizing materials (0.4952,0.0256,0.0008,-0.0640,-0.3864,-0.1320)
Toxic vapour cloud (0.1590,0.0009,0.0003,-0.012,-0.0594,-0.0783)
Electric Hazard (0.2850,0.0160,0.0160,-0.0070,-0.2325,-0.2110)
Oil Spill (0.1535,0.0019,0.0039,-0.0025,-0.1056,-0.1224)
Hydrocarbon gas leakage (0.3205,0.0026,0.0013,-0.0072,-0.3530,-0.1489)
Ammonium Nitrate (0.4095,0.0023,0.0008,0.0,-0.3480,-0.2110)

Using formula 5.2, the resulting normalized values are shown in Table 4.



Table 4: Normalized values

Normalized value

Chemical Exposures 1.5966
Oxidizing materials 1.5006
Toxic vapour cloud 1.6540
Electric Hazard 1.6090
Oil Spill 1.4938
Hydrocarbon gas leakage 1.6036
Ammonium Nitrate 1.5089

The accident possibilities can be placed in the following order: Toxic vapour cloud >~ Electric Hazard >
Hydrocarbon gas leakage > Chemical Exposures = Ammonium Nitrate > Oxidizing materials > Oil Spill
where, the symbol > represents partial ordering of objects. It can be easily seen that the formation of toxic
vapour clouds, electrical and energy systems and hydrocarbon gas leakage are the major dangers to the
chemical industry. There is a very little danger due to oil spill. Chemical Exposures, oxidizing materials
and ammonium nitrate has an average accidental danger. Therefore, industry needs special precautions to

prevent the major hazards that could happen due the formation of toxic vapour clouds.

(2) Domination in bipolar neutrosophic graphs

Domination has a wide variety of applications in communication networks, coding theory, fixing surveil-
lance cameras, detecting biological proteins and social networks etc. Consider the example of a TV channel
that wants to set up transmission stations in a number of cities such that every city in the country get
access to the channel signals from at least one of the stations. To reduce the cost for building large stations
it is required to set up minimum number of stations. This problem can be represented by a neutrosophic
graph in which vertices represent the cities and there is an edge between two cities if they can communicate
directly with each other. Consider the network of ten cities {Cy,C5, - ,Cip}. In the bipolar neutrosophic
graph, the degree of each vertex represents the level of signals it can transmit to other cities and the bipolar
neutrosophic value of each edge represents the degree of communication between the cities. The graph is
shown in Figure.9. D = {Cs,Cio} is the minimum dominating set. It is concluded that building only two

large transmitting stations in Cs and C1g, a high economical benefit can be achieved.
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Figure 9: Domination in bipolar neutrosophic graph

6 Conclusion

Bipolar fuzzy graph theory has many applications in science and technology, especially in the fields of neural
networks, operations research, artificial intelligence and decision making. A bipolar neutrosophic graph is a
generalization of the notion bipolar fuzzy graph. We have introduced the idea of bipolar neutrosophic graph
and operations on bipolar neutrosophic graphs. Some properties of regular, totally regular, irregular and
totally irregular bipolar neutrosophic graphs are discussed in detail. We have investigated the dominating
and independent sets of certain graph products. Two applications of bipolar neutrosophic sets and bipolar
neutrosophic graphs are studied in chemical industry and construction of radio channels. We are planing to
extend our research work to (1) m—polar fuzzy neutrosophic graphs, (2) Roughness in neutrosophic graphs,
(3) m—polar fuzzy soft neutrosophic graphs.
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